ABSTRACT We studied the effect on breathing of a conventional and a newly designed abdominal binder in seven patients with complete tetraplegia. The indices of respiratory ability used were the transdiaphragmatic pressure on maximal sniff (sniff Pdi), the maximum static inspiratory mouth pressure (Pimax), and the vital capacity (VC). These were measured in patients with and without binders, in the supine position, raised up to 70°on a tilt 
When the diaphragm contracts abdominal pressure rises, to an extent determined by the distensibility of the abdominal wall.' If the wall is stiff the pressure rise is substantial, pushing the lower rib cage outwards2 and opposing the descent of the diaphragm, which is obliged to lift the rib cage instead. 3 If the wall is compliant it displaces easily, with slight pressure rise, and little elevation or expansion of the rib cage. Recently we found that the abdominal wall in tetraplegic patients is twice as compliant as in normal subjects.4 In erect postures the abdominal contents fall forwards unopposed and the diaphragm flattens, thus impairing the rib cage expanding mechanism of the only major respiratory muscle available in tetraplegia. Abdominal Subjects were held to the table with straps at the knees and at the pelvis below the binder. Their legs were braced with their feet on a foot plate, and a safety strap was placed loosely around the chest, but did not encroach on rib cage motion unless the patient tipped forward.
Abdominal girth was measured at the mid point between xiphisternum and pubis, at resting end expiration, in each patient in all postures. Changes in this measurement with posture were taken as an index of abdominal wall compliance. Similar measurements were made on the group of normal subjects.
THE BINDERS
Each patient was provided with a conventional abdominal binder appropriate to his size. This binder (fig la) was made of 70% viscose, 20% cotton, and 10% elastidiene (Credelast). It was 20 cm in width and came in three different lengths. It fastened at the front with Velcro. The newly designed binder (fig lb) was tailor made for each subject, and was fitted in the supine posture. The front plate was made of low temperature thermoplastic (Orthoplast) cut to fit beneath the lower costal margin and above the bony margins of the pelvis. The binder was held in place by cotton webbing riveted to the front plate, wound around the body and fastened in front by Velcro. The balloons were introduced via the nose, while the patients sat in their wheelchairs. One was positioned 45 cm from the nares to measure oeosphageal pressure' and the second 65 cm from the nares to measure gastric pressure.7 The oesophageal balloon contained 0 5 ml of air and the gastric balloon 1 5 ml of air. They were connected to a matched pair of Elema Schonander EMT 35 pressure transducers linear to 200 + 0 5 cm H20, and linked after amplification to a Gould 4400 thermal pen recorder. Calibrations were made before and after each study against a water manometer. The positions of the balloons above and below the diaphragm were confirmed by obtaining a negative deflection from the oesophageal pressure trace, and a positive deflection from the gastric pressure trace on inspiration. Pdi was obtained by electrical subtraction of oesophageal pressure from gastric pressure. Pdi at resting end expiration was used as a reference zero.
Each subject was asked to perform a single short, sharp sniff from functional residual capacity (FRC), followed by three quiet breaths. The manoeuvre was repeated 10 times, and the best sniff used for analysis. Each subject underwent a training period of two sets 942 of 10 sniffs, during which they could see the recordings and were encouraged to make maximal efforts. In the formal study they were not allowed to see their results. Subjects were initially studied in their wheelchairs and then after transfer to the tilt 
Results
When tetraplegic patients were raised from the supine to the seated posture and then to 700 tilt, their abdominal girth increased more than that of normal subjects in the same positions. We believe that this is because their abdominal walls are more compliant than normal. When they moved from the supine to the erect position, girth increased by 4 65% + 1-53% (SEM 0.34%) in the normal subjects and by 627% + 1-60% (SEM 0 60%) in the tetraplegic patients. In the seated posture girth was 6 77% + 1 69% (SEM 0 38%) greater than in the supine posture in the normal subjects, and 12-09% + 1-53% (SEM 0 60%) greater than in the supine posture in the tetraplegic patients. There is a significant difference between the two groups in both positions (p < 0 01). Table 2 shows the mean data for sniff Pdi, Pimax, and VC. In subject 7 we failed to make accurate measurements of sniff Pdi, as the patient could not tolerate the oesophageal and gastric balloons. Pimax and VC were measured in the normal way and the data included in analysis. 48-0(135) *Measured as cm H20 (n = 6); tmeasured as litres (n = 7); tmeasured as cm H20 (n = 7).
group.bmj.com on November 7, 2017 -Published by http://thorax.bmj.com/ Downloaded from Effect of abdominal binders on breathing in tetraplegic patients SNIFF Pdi There was a significant difference between sniff Pdi in the three different postures without a binder (fig 2) . Sniff Pdi was greater in the supine than the seated posture (p < 0-05) by 18-5% (II 0 cm H20, SED 3-5 cm H20), greater in the supine posture than at 700 tilt (p < 0 01) by 36 5% (19.0 cm H20, SED 3*5 cm H20), and greater in the sitting position than at 700 tilt (p < 0-02) by 15% (8 cm H20, SED 2 cm H20).
At 700 tilt both binders improved sniff Pdi (fig 2) -the conventional binder (p < 0-05) by 19-5% (10 cm H20, SED 3 cm H20) and the new binder (p < 0.02) by 26% (13 cm H20, SED 3 4 cm H20). The binders had no significant effect on sniff Pdi in the sitting or supine postures, and there was no significant Sniff Pdi (cm H20) (fig 2) . VC without binders was greater in the supine than the sitting position (p < 0-05) by 28% (640 ml, SED 210 ml) and in the supine position than at 700 tilt (p < 0 02) by 49% (960 ml, SED 160 ml). When patients were seated, both binders improved VC (p < 0 01), the conventional binder by 1[-5% (260 ml, SED 50 ml) and the new binder by 8% (180 ml, SED 40 ml). At 700 tilt both binders improved VC, the conventional binder (p < 0 01) by 15% (290 ml, SED 70 ml) and the new binder (p < 0 01) by 24% (470 ml, SED 70 ml). Binders There was no significant difference between pressures in different postures without a binder, though they were lower in the supine posture. In the sitting position the conventional binder increased resting Pg, end tidal inspiratory Pg (p < 0 05) and maximal sniff Pg (p < 0 05). The new binder increased end tidal inspiratory Pg (p < 0-05), but did not significantly increase resting or maximal sniff Pg. The conventional binder increased resting Pg in the sitting position (p < 0-05) by an average of 15 cm H20 more than did the new binder. With patients in the supine posture and at 700 tilt, both binders increased resting, end tidal inspiratory, and maximal sniff Pg. 
Discussion
This study yielded data on changes in abdominal girth, transdiaphragmatic pressure, vital capacity, and maximum inspiratory pressure at the mouth, with posture and with the application of binders, in a group of patients with stable tetraplegia. The values of sniff Pdi, VC, and Pimax obtained in the absence Table 3 of binders are typical of those seen in tetraplegic patients, 10- suggesting that the observations below may apply to such a group generally.
Abdominal girth increased when patients were tilted up from the supine position and increased more when they sat in a chair. These increases were significantly greater in the patients with tetraplegia than in a group of healthy men of the same age and stature. We presume that the abdominal wall falls outwards because of the weight of the enclosed viscera on being tilted to upright postures, and because of the combination of this and of flexion of the lumbar spine in the sitting posture. On the basis of the arguments of Duomarco and Rimini,22 the changes in abdominal girth with tilting will be determined in part by abdominal wall compliance and may be used as an index of it. The differences between patients and healthy subjects agree with our previous findings of increased abdominal wall compliance in tetraplegia. 4 When normal subjects lie down, VC decreases by 7.5%.23 When tetraplegic patients who have been tilted head up lie down VC increases by about 45%.i6 If they lie down from the sitting position when the abdomen is splinted, VC rises by 28%. l6 In the present study the rises in VC when they lay down after the 700 tilt and after sitting were 49% and 28% respectively. The differences between normal subjects and tetraplegic patients may be attributed to differences in abdominal tone. When healthy people stand up abdominal tone increases,2426 preventing the abdominal wall from falling outwards and so maintaining a high arched diaphragm. When tetraplegic patients are tilted up, the abdominal wall falls outwards and the diaphragm must descend to a lower and flatter end expiratory position, diminishing inspiratory capacity. In the seated posture the abdominal wall is splinted, the spine may be flexed and the costal margin is in closer proximity to the pelvis than in the 700 tilt position. As a result the abdominal contents tend to be pushed forward rather than dropping into the pelvis. The abdominal wall becomes stretched and less compliant, opposing the descent of the diaphragm to a lower and flatter position. Sniff Pdi and VC in the seated posture are thus greater than at 700 tilt. Pimax failed to alter significantly in this study with change in posture or binders, though there was a trend in line with the sniff Pdi data. Patients found the maximum static inspiratory efforts difficult to perform, especially in the 700 tilt posture, as they tended to tip over. We had hoped that measurements of Pimax could be used for within patient comparisons but they were apparently not sufficiently reproducible.
When our patients with abnormally compliant abdominal walls were tilted up, binding the abdomen improved the VC and Pdi. This has been shown previously in occasional atypical cases.27 29 In 1979 Maloney30 described the effects of a corset on pulmonary function in 15 tetraplegic patients in the supine and seated postures. He found that VC increased from 51% of predicted during sitting to 62% of predicted in the supine posture. This represents an improvement in VC of 21 %, which is comparable to our figure of a 28% increase. Our data also agree with his finding that a corset had no effect on lung volumes in the supine posture, while in the seated posture there was a trend towards improvement. In this study we 
